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20. ABSTRACT (Continued)

.-These same data have been compared with nearly simultaneous phase scintilla-
tion data from the Wideband satellite. The power-law index of the phase scin-
tillation data varies with perturbation strength in exactly the same manner
as does p?. With realistic propagation model parameters, the scintillation-
inferred perturbation levels can be made to match those measured in-situ.
However, the long-accepted unity separation between the in-situ and phase
spectral indices is not observed. This discrepancy is attributed either to
shortcomings in the theory or to lack of temporal /spatial comparability of
the two :lieasurenents.
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SUMMARY

Radiowave scintillation has been a continuing concern for DNA because

of its adverse effects on transionospheric communications in both natural

and nuclear-disturbed environments. The Wideband satellite experiment

was designed to, and already has, clarified several aspects of both the

morphology and the propagation channel characteristics of ionospheric

scintillation.

One of the specific objectives of the Wideband experiment has been

to establish the connection between ionospheric density irregularities

and the radiowave scintillation that they produce. The theory predicts

that in a power-law environment the phase scintillation spectrum is a

direct two-dimensional mapping of the three-dimensional irregularity

spectrum, but this has never been effectively demonstrated. With this

goal in mind, an analysis of in-situ data from the AE-E satellite has been

carried out in a manner consistent with the Wideband analysis. These data

provide an unambiguous one-dimensional measure of the medium scale density

irregularities during strongly disturbed, nighttime equatorial spread-F

conditions.

The analysis has verified the power law form of the in-situ density

spectrum, with an average spectral index close to that measured by other

experimenters. In addition to this expected behavior, however, we have

found an apparently new result: a systematic decrease in the power-law

slope with increasing turbulence level. This dependency of the slope on

perturbation level of the in-situ irregularity spectrum has important

ramifications both for nuclear phenomenology and propagation prediction.

A similar decline of phase spectral index with increasing disturbance

4 has been observed for some time in the Wideband data, but had previously

been attributed to diffraction effects. Now, the effect seems to reflect1) a true in-situ characteristic. In fact, the phase spectral indices for

the same period of time as the AE-E observations show almost identical

behavior as the density spectra.I; -_ _ _ _ __... ...... ,



By using a spectral approach and propagation theory based on a

common turbulent strength parameter, the one-dimensional in-situ and

two-dimensional phase spectra can be related. In practice, however, the

very different orbits of the two satellites make such comparisons diffi-

cult. Nonetheless, the in-situ turbulence levels are consistent with

those inferred from the Wideband data.

i2
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I INTRODUCTION

Electron density irregularities in the ionosphere are observed over

a vast range of spatial scales. At one extreme are the thousands-of-

kilometer scale perturbations associated with tidal motions and planetary-

scale waves. At the other are meter scale irregularities presumably

associated with diffusive (ion gyroradius) or electrostatic (drift wave)

mechanisms. Between these limits, and extending over at least three

orders of magnitude in scale size, is a spatial scale regime over which

the irregularity size distribution can be characterized as power law

[Rufenach, 1972 ; Dyson et al., 1974; Phelps and Sagalyn, 1976; Crane,

1976; McClure et al., 1977; Fremouw et al., 1978].

In this report we consider the central portion of this irregularity

power-law regime--the kilometer through hundreds-of-kilometer portion,

as measured by two quite different methods. One measurement is a one-

dimensional sampling of the irregularity structure: low spatial resolu-

tion in-situ density from the Atmospheric Explorer-E satellite (AE-E).

The second measurement is two-dimensional: multifrequency scintillation

from the DNA Wideband satellite. The spectral range of the in-situ data

corresponds to scale sizes larger than a few kilometers, which overlaps

the low frequency end of the Wideband phase scintillation spectrum as

illustrated in Figure 1.

Two weeks of data are analyzed from a period for which AE-E was over

Kwajalein Atoll in the equatorial Pacific, at times roughly coincident

with the Wideband observations. The measurements correspond to a local

time and season when the irregularity onset and evolution are dominated

by the Rayleigh-Taylor instability (see Ossakow [19797 and the references

cited therein).

In Section II, the in-situ data are first characterized in terms of

the spectral density function (SDF) of density fluctuation. Using a

three-dimensional spectral model and generalized geometry and anisotropy,

7
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FIGURE 1 COMPARATIVE SPATIAL SCALES OF AE-E AND WIDEBAND MEASUREMENTS

the measured perturbation str, ngths are related to their corresponding

three-dimensional turbulence strengths. In Section III, the same ap-

proach is taken with the scintillation data so that the results of two

methods of measurement call be compared.

The most important finding from these data is a systematic variation

of the power-law spectral index. From the AE-E data, the median value

of the spectral index is slightly less than 2. However, the spectral

index varies monotonically from values larger than 2 to values signifi-

cantly smaller than 2 as the perturbation strength increases. A similar

trecnd is present in the spectral index of the Wideband satellite phase

scintil lation data.

8
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I

II IN-SITU ANALYSIS AND RESULTS

Piring late July and early August 1978 the AE-E satellite was

activated over Kwajalein Island (9024'N, 167°28'E) for a number of

nighttime orbits. The data that follow are from the thirteen of those

passes that encountered significant ionospheric disturbance. These

observations were made from 0800 UT to 1400 UIT or 2000 LT to 0200 LT.

Am, ng the instruments aboard AE-U" is the ion drift meter described

by Hlanson and leelis [1975], from which angle-of-arrival information can

be gleaned (for example, McClure et al., 1977). Also available from

the drift meter is log ion density--the data we have used in this study.

The spacecraft system loses some log density data each fraction of a

second during' drift measurements. This loss of data produces a compli-

cated pattern of missing points; however, by interpolating over a span

of only approximately 1/50 s, it is possible to produce a record of log

ion dens itv with an effective 3-lz sample rate. At the satellite veloc-

ity of - 7.7 kim/s, this velocity corresponds to a sample every - 2.6 km

along the satellite path. By comparison, the high spatial resolution
A

data from the retarding potential analyzer (e.g., McClure et al., 1977)

are sampled at - 30 m.

Figure 2(a) is a sample of the log density data over Kwajalein.

For this particular pass, and for most of those during the two-week
,!

perioi. the satcl lito- was below the F-region peak, as observed on iono-

gram records, at an altitude of 372 kim. This record, which shows the

signatures; of distinct, isolated plasma bubbles, is typical of the AE-E

data tor ti more strongly disturbed nights during the Kwalaloin scintil-

lation season. (oordinated measurements between AU-E and the 1Kwajalcin

radar using,, onL, of the current data sets has shown that the in-situ

biibbles correspond to 1-m backscatter pl umes ITs--unoda, 1980].

9
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FIGURE 2 TYPICAL AE-E PASS, ORBIT 15058, 372-km ALTITUDE. (a) Raw log density and

(h) Dctt ended linea (ensity.

W- wish to characterize these in-situ data by the SDI of their

* density pertuirbations. Before spectral analysis can be done, however,

it is necessary to separate the perturbation components from the slow

changes in background ion density. We have done this by using a sharp-

cutoff filtetr, a method which has been well proven in the analysis of

scintl ilat ion data. The use of a filter has the advantage over polynomial

10
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dCt01ii il LI precisely whlere in frequency and liow% much the DF is

I)iTh IL~ Ctred butll requ e nustl b. Il enoughi tl provid an cdn-

q~a~ 17MIId' te [-m~~linling spectral S lope, yet high en-ough to truly

S ,prat, ens t renlds from perturbat ions. A 0.02-Hz or a spatial scalie

CutffOf O~II'~y400 kmi has been used in the routine numerical accumul-

Litios h same data shown inl FiguLre 2(a) hads been detrended at 0.05

llZin Fi1LC2b. Sulbsequent processing consists of thle Fast Fourier

Traisor (F) calculation of the SDF of the detrended density perturba-

Lin and ext raction of thle SpCctral strength and slope. The spectra are

ca iCU lated over a time span of about 85 s. This provides adequlate Spec-

t ra resolution betweenI spatial scales from about 5 km to 600 kin, and

generalliv assures stationarity at the detrend filter cutoffs of interest.

In iccumu Liting- tihe Statistics, eachi span overlapped adjacent spans.

Finally, spectral fits to tiIe functional form

T(C) =- 'f f 1 l()

are, 111ade by CAeu lating tile leaist squares fit to tile smoothed, log- log

51 b'tee 0. 1 Ilx and 0. 7 Hz, which is well. above the detrend cutoff,

Ve)bLoI.O tile, noise floor frequlency for a disturbed record. Using the

least square'S mlethod forces consistency in a large num11ber Of spectral

fitS that cannot10 be obtained by eye.

Of conicern inl tile detrending process is thle detrend filter response,

tO tlie raipid density chlange s between tile bubble walls and tile quiet back-

g round Liver. Se'Vera;1 Iof these transit ion regions are indica ted by a rrows

in l Viirc- 2(b) . The d c'gre of rinigingi at tilese tea n iit i depiend s Iiponl

ti' f-iILter cuii t off requenlcy-- bee oTi. nA 7orse as thle filter nareros. T'o

7 ~ ~ ~ % .ifvtatilenry does 11ot Cont~ffi[IOLe tlhe inl-Situ spctrIa inl tle

Lo 11c- i it Ly 1 1 .10 Ibr of. spe)LCtra at vaiou filter Cutoffs Iilav

Ii~l (C',J cIF. .All C\,11111)le of those comp~arisons , foe a data span inl wihicih

IL . ,,,.

L-- :d\ ~



the transitions are particularly conspicuous, is shown in Figure 3 for

cutoffs of 0.01 Hz and 0.05 Hiz. At the low-frequency end the detrend

cutoff is conspicuous, but otherwise only details of the spectra have

changed. In the fit region the spectra are virtualLY Unchanged, differ-

inig in slope fits by only a few perce'nt. Thus, we fee.l t hat the effect

of abrupt transitions on the suimiary statistics are necgligible..

Note that the longer period detre nd spectruml shows 1no Lenldency to

flatten at its lowest frequencies. This indicates that if a systematic

outer-scale Structure size is in the density data, iiswell beyonid

40O km (0.02 1Hz).

The mix of quiet and disturbed regions in the density data produces

a broad r.,nge of spectral strenlgth T. varving over m-,ore thian 60 dB. To

avoid the more weakly disturbed data for which the spectral slopes, )

may decrease by intersection with the noise floor, we have rejec ted data

for which T 1 195 dOB.

fhe. local time at Kwajaleini for these-; AE-L- IJsse's raniges between

2000 Lf and 0200 LI. When1 p)lotted as- a fo im Lion of time Fig "Lire 4 (a),

thie T1 value2s show a syvstemat~ic dc~lineC coughtl an1d beylonld local miidnight.

Tis systeLmatic declilne iS thelenr LI rend eXpected inl the nighttime

equatlOrial iono0sphere_ from :ci n LiiLi i anid rocketL 11ea suremenlt s. Note,

hiowever, thatI the-_se di,-LMnrbanCe t' - IS inl th ediu-to-large scale cc,-

g ~l a LiL I ILron,_ at 02(00 LI desp Jite Lthe -cen ral disappearance of

t-r bacLkScte C to t %VLo the 1 o1 r ea0Y -irlicr . E. Sv'steva tiL d.cline Of

spctal<te .,i itli locail time!t raiss t que(stionl wlhether it is due

s ip lv to the dtc i ne ill tl lie bckgrounld denlsity. Inl Fig'ure 4(b) the rils

nora I sdperLLU rba tion, (AN/N) ,is plot ted ye rsis time, and alIso

Jhw a yteaicdcrae houghJontL theL evening. fhierefore, we7 canl

at t buL e Lilie ons e;(rel de-cline- inl spectral s lo)pe tO a true decline inl

L1 0 e ecI 0I tin rbu Ie over the ohs erv ing window.

Ill, seconld parameterI that CllaraCcenze S the i euI yspectra

11 .; LIe [op P, 1 q. 1 )J for which the distributionl is lown in Figure 5.

tIle, (listl rI hli iOf sIOC lopeC' s enes1 oULt p1 = 1. 9 and is skewe-d -;0111 hat

1-,*.'a rden;hia L lowekr ,alues. Thiis mean value is veiry close to that

12
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i n teCr a. In our cas , a sampling rate of 3 ltz impli s a functional
dCpnd ,ncU indicated by the dashed line in Figure 7, which differs from
he obse r!,d dependence. On the other hand, the high correlation between
( N) -11 and rT  assures the validity of the characterization of the

spectra in tcrms of T 1I and p,.

Up to this point we have dealt with the two measurable parameters,
T"L and pL which characterize the temporal SDF of the in-situ density
perturbation. W(, now wish to consider the conversion of those data to
a spatial paraflter that can bc generally compared to other measures of

urbule nIc , and, in particular, to the scintillation da a of the next
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FIGURE 7 LOG RMS IN-SITU DENSITY PERTURBATION vs. IN-SITU SPECTRAL
STRENGTH. The dashed line indicates predicted correlation for constant
spectral slope.
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+ LI/ 0 -

i ,I-: itio III I-AE. i) WiLbl Lt spatial variable replaced by

i I - : prod~ti vie l K h,11 vi-kl i;,lisi l LtempOral SDF as anl inl-
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C -Gv - 112)

42, T + 1/2) v (21l/ .(8

P p

Note from-, Eq. (7) that the slope parameters relate as

Pi1 
(9)

Eqs. (7) and (8) concisely relate the temporal SDF measurables,T

and pi, to the three-dimensional spatial turbulence level for geUneralized

anisotropy and geometry. In applying the measured spectral characte~r-

iStics to calcul[ate the strength of turbulence via Eqs. (7) and (8), we

hlaVe Chosen to use the mea0Lsured valUes of Spectral strength T with a

functioLjil dependence' Of slo0pe, p loTI based onl the least squares

fit illustratedC inl Figure 0i. The- resutlting distributon of C, based onl

the, in-situ mleasurements, is shown in Fi"ir e 8(a). The distribution is

broadeLned from thlat of T,, primarily from the nonconstant slope which

has been usedI, and secondari lv from the2 variation in satellite direction,

and[, therefore, v f roml orbit to orbit.

M or;e inXK YUcft;T is the 1CjCldlC'f pCa Soe115i sas

about unity soebetween 2. n . \ F'bu 0d ficcs nCS

Becausec the divrection of AE-E is pi-imar-i lv xagnetic w-.est-east at Kw~aja-

[emn, Fiue8(b) chianges little with the choice of anlisotropy' model1.

From1 isotropic to 1000: 1 or eIven nonrod mode Is, t lie Cva be 's change b,

only a ewpercentL, and tile( dependenceCAC of s lope Upon C inldicated 1w thec

1~ast; -quiares., fit remlainls Vitlly) Un1chadl11'1.

FO Sxi!'!MartZC' the inl-sit Li dta, we observe idcreaCse inl the dge

Of tirbuiLence' with L i11e o,'Lr L1he 110111-S hours rm 2000 LT to 0200 LT.

lie s pecriaL i nde: he' den'IsitV perlxi rlba Lioils s x'anall 1-it lime tic mlean

V vClose to that ob Se rve(IC by others When w plot the spectral ild e.

a [unction of) spectral st re-ngtLh of te-dieioaILu rbiiInCC, hwvr

xe hse re SVStem~ tc i cr csein ,;eLraIslope)L wit h in"creLas ing

turbulence.
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III SCINTILLMTON ANALYSIS AND RESULTS

Dairing the saie period that the AE-E data, just des-rib.J , we7,re

collectedl, the DNA Wideband system L3FreMoW et al. , 19 7 7J wis operating

at Kwjli.The scintillation season at Kwajalein is cenQtereLd about

local summewr, and sho.is a considerable degree of variabi lity from1 Week

to woek. Duiring thle late-July /ear ly-August 1978 period of interest, the

overall scintillatioa .,,s moderate to strong. Conasiderably more sever ,

scintillation ha- !)'" 0ee 'oServed at Kwajal1in during, other poriods

,Livingston, 19)803; 0f the satellite data collected dlai lv, nine night-

timeI PaS-,s We.re disturbed and form the data base for the followving dis-

cUssion. These2 were collected betwee-n about 1130 UT and 1333 Jf 13)3 LT

to 0 100 LT) , t he rebyv orILip p ing thle AE-E observationIs.

Fremozi.: ct al . _19078j review. thle anlalysis aPplied to tile Wideband

d atLa. In brie, th phase cohe2rentt system-f allows icsueetof signal

iIlLt'ISL i lad I~s t sevcral ,HF through L-band_ frequ~encies. A Sharp71

cUCret Ci tCl at l0 - is used to separate thle rapid pliase components

fr- the, s !X_1 .4~l 1mncn brkg round. This scintilla tion compinenit is

so ~ qo~n lvpre~~;d n 20-s d)ocks. Includ in this proccssing is

tihe :0e JpIItatln el phase sp2ctral density functionis at 137 MA/ and

3 _/S , hich ar, least squtares fit over a se~lcted, frequency range to

Tf C , (10)

'1Ii t0 M o Lik AEL-E proccessing, Eq. (1j

INine 197') I- , Ja- k,:eust, ratk~d and discussed thLl nitec of the

pha~ 5pL rat paiatr ~ ~et 'IlFP, 111F, and] L-hand f requiencies. In

I)nr- icaliarll, Ilk sh hatL p) is indeLp(,1deurII e1 frequenIcy1, and thadt T

Ihlk t1 L 1, 1: 1.alllt I erte 1e fite, ref krce Ireq,,iencv is iludedI&'.
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iOoth Of these !LItolS indicate that diii raCtiOnl CiiCL s are prohahl1v n1c>'-i-

>hcill tiie Phase Spt'Ctr1a.

Ill F'igurL 9 we dcmonsltra to that samecortnsistency for thoc muhh

S11Z aCC I r ciruonL d at a set , whorc p Is SPlotitod V'ocSLIS tiic S, ill tcfls ity
-4

scintiL lation itdcx. Least square fits to thle data are indicaicd for

137 >1Hz and 378 M1Hz. Inl -tcncra I, the agroomnirt hotwon-I Lith' S lopcs at

Litic two frequencies as a fUnlctionl Of S, is Qcccl lnt . Given this con-
-4

S iS t(1Ccr , anrd to siMplifyr d iscuIssion, We will 1 pro S(nt ol tuLIeL 137 -M1Hz

data inl what follows. Simi lar analvsis for thc 378-11Z Phiase scint~illa -

tionl has produced quantita tiveir cqtiVaIL'ont roCsu1Ls.

Inl Fig"ure 9, for tile Low S, wc.akly distur hcd data, tim phast, slopes
-4

arcflttecdhritcrscction with tilc speOctral no0iSo floor-. At iho 111411

S_, s4 rno ctc cad, tile phase slopcs also t,0ieclno tils effert is

lOrc con1spicuIous inl these tiata than inl tile largoer tdata Sct anla lVZti hy

Kino - 1979 -. Rino - 1979 )t zcrjhutcci this effect to diffracion-poduccd.

rapid iv chang-Jig stccep phlasce fronits, whjiichl d rix tim 11 SDZ do2peondoncc

towa rJ C . I I ligilt of thle AE-E datal, iIOWovC',L, this trenti appoars to-

CCi tor-CLJ i a l Lossin Ci rla cdccLi StiC of tile In- Si tu i 1rogu laIr itLioS.

As' Lasikc casc for tiic' inl-situ data, tile patchy nature Of tile

coquA ior ial d iS is tIlC, hn oItrlIC s a - p rcat d1str ibut ~ionl of tilie Ohbsoerved

soCLtli1La [ai i stiren-4i . 10) ciL~ 0 ttilk. Weak scat tor dis turhanccs,

htlavt sorte otie hr ti taaCrri l tO S ind,.x, 0eliminat ing points wi4thi

S,.0-4 for whiich ilt' dcrivcdt pfilaSe Spoci cal slopcs mar be biased by

nl Sct. Withi tills, Cri k'icr a~PP1 i(ti We gCL tlt' di s triho tions Of Spoc ra 1

si0ron' iWI andis 0ooP~111 Stra toti Illlii cLro Ill. the0 [a I haL RIl f,17

t otnd . Hlowever ii Is consitiorahirv Lower thanl time 11lominal p =3 that

CArmic L 970- roporlCtI . In Figure LI time obsorved piiasc. scinitill atiion

S Lopo 5 art, p ltd oti crs ssporcal0 st c-Ilh tL O p roticc a coi oip t

Fiurol-c ) Oi Lilt'n- itto tiaia. Io'roc , als inl Lit' othor tiaia We' fi ud a

:r;vT;,"Li c derroast-El L;I)(pCti-aL S lope Witih inrr-a0StIng iLr1htiitnlCe lc~'c

fic ronoocrslon of Lilose tiita to lhte til-Tnslonal LilCnrCC SLIron'iyLi,

C , oid] a' j'al of. 0 i rtLC mipa 1i SO1 to 0Lhioso (I or iVCtI inl Situl.
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SPECTRAL STRENGTH, T -- dB inks units

FIGURE 11 PHASE SPECTRAL SLOPE vs. SPECTRAL
STRENGTH T AT 137 MHz

In the phiase scintillat ion case, the in-situ spectral form, Eq. (2) canl

he related to thle SDF of phase using Clhe phase-sc reen model, as done bv

lRino 1' 179~ AnaLytical lv, an approprFiate2 forml for tile three-dimeknsional

ant LOC0or riLa t i on 1Ine t i on (ACE) is f tbu idrom whi ch the two -

dimcnsloil on It mpo ra I ACF is de ived C. The sp~a L ia / tempo I)r; I conver sion

ifl\.oli ttie L~ i Il:' 1in t. 1 L iii to the ciiiii across Lilt, propagation path,

t101 roionr ilot ion OF dnr.uI it iriflt. Tilte result ingi temiporal ACIF

El+

"lr I i.Lil , I mr.,I I oil- Sea It dt'lineii aIs (V q /2 , and
o eff 0

t, ILilt S Iw 5. ILr 141Ii i i le dLI inesi as-

- V .9) ;(: v)2v- 1  (12)
(2 ~ 7(v+ L12) ~f

in Kq. (i2l. r is the classical electron radius, X~ is the radio wave-
e

length, I. is tie equiivalent layer thickness, and e is the zenith angle
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d0 i ! l, ) 01 C 1 V C 1LIklL 1 i i(i0 ;iid 01 1C~ L t i"

tiho Ik i\i S Of1 AQ i'Li l IrC !iI LV, W' Ii I C V Z I JL Ct , 11 I. t h,
C: f I

~I L I L- L tlpo Ixa I CO!1 kIrS L k l L Lii 1W ophn peL.ri.t tI ionl 1)o ii1i

CI I Si C il If3 d t11 0 L I l) 1 ,1)1 1tLi IJi V-Ck'L iOll Wit 11 i l) L L 0O

J)I-i11C IMaL iiF- iI anL i L , V Is L is itsI h i'h Ly di cpiI iit L l li ii10'

n c l i L i iiI opv Lo L t [- II, l IkiIcio .- cLo 'l I

, Io: liIorI Lilt, phal ;o S i) 1. 1 Lar t-Lo Eq.I L1

Co! )lI pii Sa 1: -i L Eq. 15) lOWS iIli L i 1 lk l~ ' ,i~ s iii t Lt in 0 1

hi Eq (1. ), ClWC:11, i 1i1lii i hil1l1S 1 )0 ' kO'iF !u11 C I I :_1

1i1,1 p) Lo L 11 C -J l L lin il ~ r)ii c L tn~ Sit Cc!A ' Itr Il C Is l'vi, vi Lii1 L hc ill-

sit I Jli L a. As I I L Iii uii- L1iti Iili I i s , L ii nci.l ; I d c Ii [i5 o I :I~

OsJ o cii L ci L L iti s it o; ii:ri o:I o p, 1 1i)j L o O I)r d lki-

I I'~ ci Ii) I~ I-~r Liit L r d 11 0 k51ItL No t , 1 10 "(1. L2 tlit L C

I Ikt:o SIl I, i I- i) I uiii\ ni ,o L I- op\ stuL t rnYi t Ik,tLs, L iii ci Lcu Li -

I CCi L I L i I- Li L 1) itV i). 11 0iL c 1 1- Lt I.) d I -i L),IL, i i r L ys) ti\ i i cI- a i it k,

C C si )1Li1i i I it L L' t d I ' L'uii L . 1 1 5 bLr ii c L I i ,sk, Liiis hov L 0A -'d u~

i t- in ii, I11tIk; I i ix n i L i k:I 'c ve I CkIlck's~ 111' m i i L s , L he

Iii , It I. 1 1) cl s11i I L cd )i L v ;lii 0111C t i CW 1

Ch phii k:i intL I I I L i 4i11- iufi ed i I i s Lr i biI i on ofL C i s s 11o'.:i ill

C .i L I i, I it 0 1 qi [LI'd t I- I ';c I hlIpk I L C M )C in1'I' that. L Il(I i f F-

1', IliL Li It i IluII L tIII Idi) ii:- I I- c I si Let Wi Ii L iii p1-Ohc' ilV1 pWil Z1a ';v i"11
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geometries. The probe, travelling west to east, encounters multiple

plumes varying in strength and internal structure. Over the thirteen

orbits used here, each covering over 3000 kin, an approximately uniform

samplilg is expected. Wideband, on the other hand, in its rapid (15 rain)

north-to-south scan tends to sample fewer plumes, and when it does,

probes the long and more consistently structured axis of the disturbance.

The conversion from T to C also produces Figure 12(b), in which the

TIIaLISI:ed phase SDW sLops :ire p Lotted versus C . The decrea u, o; p witli5

inccasing C is cLcar, a-; Lt wa with the in-situ data.
2

j.28



IV DISCUSSION

The in-situ and phase scintillation perturbation strengths have

been expressed in terms of Cs, a common measure from which, the geometry,

scale size and anisotropy dependences have been removed. In Figure 13

the least squares estimates and their rms errors from the in-situ and

phase data of Figures 8 and 12 are superimposed. The slopes of the

least-squares fits P1 (log C s ) and p(log C s) differ only by a few percent.

The agreement between these results from two very different experiments

is important. It firmly demonstrates that a constant rate of decrease

in the in-situ spectral index with increasing turbulence strength, is a

consistent property of medium-scale spread-F irregularities.

4.0 I 1

0
-j 2.0

Uj
0.

01

165 175 185 195 205 215 225

* [ cs  - s inks Ln,,s

FIGURE 13 COMPARISON OF AE-F ONE-DIMENSIONAL AND WIDEBAND
t, TWO-DIMENSIONAL SPECTRAL SLOPES vs. THREE-DIMENSIONAL

TURBULENT STRENGTH
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The theoretical considerations of Sections II and III indicate that

the in-situ and scintillation phase slopes should differ by unity. We

observe instead a consistent slope behavior for both measurements, sepa-

rated by about 0.6. There are a number of reasons that may contribute

to this discrepancy. An overall decrease in the phase spectral index

may occur because of spatial smearing along the propagation path.

Diffraction effects in phase, ignored here, may be present. Alternatively,

the three-dimensional spectral model and the model parameters we have

chosen can be questioned. A basic step in the long accepted theory

relating thle spatial autocorrelation function of density to that of phase

is that the structure decorrelation scale is small compared to the con-

tributing layer thickness. If this criterion is not satisfied, the

assumption of unity separation of the phase and p, + 2 in-situ slope may

be incorrect.

It might also be argued that the in-situ and scintillation data

sets, in terms of the details of these slopes, are for some reason not

generally comparable. This could be a result of the very different

orbital directions of thle two satellites. More likely it may be due to

the spatial separations in latitude, longitude and altitude between thle

regions probed by the two experiments. For example, although the in-situ

and phase C distributions roughly overlay, it is conceivable that thle
5

scintillation data is dominated by more strongly perturbed and more

shallowly sloped structure at altitudes not sampled by AE-E.

* $ Resolution of these spectral slope questions may lie in the large

volumes of scintillation and in-situ data which already exist. Further-

more, systematic comparisons of these larger data sets may help explain

thle decrease of spectral slope with the increasing level of turbulence.
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